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PRE-DISTORTION CROSS-CANCELLATION FOR LINEARIZING POWER AMPLIFIERS 



Field of the Invention 

The present invention relates to signal processing, and, in particular, to the pre-distortion of 
signals for transmission, for example, in a wireless communication network, to reduce spurious 
emissions. 

Background of the Invention 

Modern wireless communication networks employ complex modulation schemes that necessitate 
tight control of spurious emissions (sometimes called "out-of-band emissions") in order to avoid 
interfering with neighboring carriers and to comply with the requirements of regulatory bodies (e.g., 
FCC) and standards bodies (e.g. ITU). One source of spurious emissions is the base station transmitter 
amplifier that is used to amplify signals prior to transmission as wireless (e.g., RF) signals to wireless 
(e.g., mobile) units in a wireless communication network, such as a cellular voice and/or data network. 
Prior art techniques for reducing such spurious emissions were able to satisfy previous requirements. 
However, recent developments in wireless communication networks (e.g., Universal Mobile 
Telecommunication Service (UMTS)) place additional burden on the base station transmitter amplifier 
and make it advantageous to reduce the spurious emissions even further. 

Brief Description of the Drawings 

Aspects, features, and advantages of the present invention will become more fully apparent from 
the following detailed description, the appended claims, and the accompanying drawings in which like 
reference numerals identify similar or identical elements. 

Fig. 1 shows a block diagram of an amplifier system according to one embodiment of the present 
invention; 

Fig. 2 shows a graph representing intermodulation distortion results for an operational scenario in 
which pre-distortion is initially performed separately for both amplifier sub-systems of Fig. 1 and then 
switched to pre-distortion cross-cancellation in which pre-distortion for one of the sub-systems is based 
on the combined output from both sub-systems, while the other sub-system continues to perform pre- 
distortion based only on its own output; and 

Fig. 3 shows a graph representing intermodulation distortion results for a pre-distortion cross- 
cancellation scenario in which one amplifier sub-system performs the pre-distortion for both sub-systems 
of Fig. 1, while the other amplifier sub-system performs no pre-distortion. 
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Detailed Description 

Embodiments of the present invention are directed to techniques that reduce spurious emissions 
in wireless communication networks to levels that satisfy current requirements. In the prior art, pre- 
distortion is performed for each amplifier independently. That is, each amplifier has its own pre- 
5 distortion and each pre-distortion looks at only the output of its own amplifier. Embodiments of the 

present invention, on the other hand, involve pre-distortion for at least one amplifier that is based on the 
combined outputs from two or more different amplifiers. In one embodiment having two amplifiers, pre- 
distortion for one of the amplifiers is based on the combined output from both amplifiers. In a preferred 
implementation, pre-distortion for the other amplifier is based only on its own output. Performing pre- 

10 distortion for one amplifier based on the combined output signals from multiple amplifiers is referred to 
herein as pre-distortion cross-cancellation. 

Fig. 1 shows a block diagram of an amplifier system 100, according to one embodiment of the 
present invention. Amplifier system 100 comprises a first splitter 102, two amplifier sub-systems 104 
and 106, a combiner 108, a tap 110, and a second splitter 112. Each amplifier sub-system comprises a 

15 pre-distortion block 114, a power amplifier 116, a tap 118, a switch 120, and a pre-distortion feed-back 
amplifier 122. For ease of notation, switch 120 of amplifier sub-system 104 is also referred to as switch 
SI, while switch 120 of amplifier sub-system 106 is also referred to as switch S2. 

In operation, splitter 102 splits an input signal 124 into two copies: one copy 126 applied to 
amplifier sub-system 104 and the other copy 128 applied to amplifier sub-system 106. Within each 

20 amplifier sub-system, the corresponding input signal copy is pre-distorted by pre-distortion block 114 and 
amplified by power amplifier 116. The purpose of the pre-distortion is to compensate for distortion 
introduced during the power amplification to linearize the overall operations of the amplifier system. As 
will be appreciated by those skilled in the art, there are many different possible implementations of pre- 
distortion processing. The present invention can be implemented with any suitable pre-distortion 

25 processing. 

A portion of each amplified signal is tapped by tap 118 and the rest of the two amplified signals 
from the two amplifier sub-systems are combined at combiner 108. A portion of the combined amplified 
signal is tapped by tap 110 and the remainder is presented as the amplified output signal 130. 

The portion of the combined amplified signal tapped by tap 110 is split by splitter 112 into two 
30 copies: one copy applied to switch SI of amplifier sub-system 104 and the other copy applied to switch 
S2 of amplifier sub-system 106. Depending on the states of switches SI and S2, within each sub-system, 
either the signal from the corresponding tap 118 or the corresponding signal from splitter 112 is applied 
to pre-distortion feed-back amplifier 122, which provides the corresponding feed-back signal to pre- 
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distortion block 114, which performs pre-distortion for the copy of the input signal applied to that 
amplifier sub-system. In a preferred implementation, switches SI and S2 are independently controllable. 

In one operational scenario, during initial operations, both switches SI and S2 are controlled to 
select the signals from their corresponding taps 118. With this configuration, pre-distortion for each 
5 amplifier sub-system is based only on its own output signal. After this independent pre-distortion 

processing has settled to a suitable level, the state of one of the switches (e.g., SI) is changed to select 
the portion of the combined amplified signal from splitter 112. At this point, pre-distortion of that 
- amplifier sub-system (e.g., 104) is based on the combined outputs from both sub-systems, while pre- 
distortion of the other sub-system (e.g., 106) continues to be based only on its own output signal. It is not 

10 necessary for each amplifier subsystem to first operate independently, but doing so will speed up the 
convergence of the combined amplifiers. 

Fig. 2 shows a graph representing intermodulation distortion results for this operational scenario 
in which pre-distortion is initially performed separately for both amplifier sub-systems and then switched 
to pre-distortion cross-cancellation in which pre-distortion for one of the sub-systems is based on the 

1 5 combined output from both sub-systems, while the other sub-system continues to perform pre-distortion 
based only on its own output. In particular, curve 202 of Fig. 2 represents intermodulation distortion 
with no pre-distortion processing, curve 204 represents intermodulation distortion when each amplifier 
sub-system performs separate pre-distortion, and curve 206 represents intermodulation distortion with 
this type of pre-distortion cross-cancellation. While curve 204 shows over 20dB cancellation of 

20 intermodulation distortion relative to curve 202, curve 206 shows an additional 4-5dB improvement over 
curve 204. 

Another type of pre-distortion cross-cancellation involves one amplifier sub-system performing 
the pre-distortion for all of the sub-systems. For the embodiment shown in Fig. 1, this type of pre- 
distortion cross-cancellation can be implemented by setting switch SI to select the combined feed-back 

25 signal from splitter 112, while turning off pre-distortion block 114 of amplifier sub-system 106, 

Fig. 3 shows a graph representing intermodulation distortion results for this pre-distortion cross- 
cancellation scenario in which one amplifier sub-system (e.g., 104) performs the pre-distortion for both 
sub-systems 104 and 106, while the other amplifier sub-system (e.g., 106) performs no pre-distortion. In 
particular, curves 302 and 304 represent intermodulation distortion for the two sub-systems with no pre- 

30 distortion processing, while curve 306 represents intermodulation distortion with this type of pre- 
distortion cross-cancellation. Curve 306 shows about 20dB cancellation of intermodulation distortion 
relative to curves 302 and 304. 
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Other operational scenarios are also possible. For example, pre-distortion cross-cancellation 
could involve both amplifier sub-systems performing pre-distortion based on the combined output. 
Depending on the implementation, this type of pre-distortion cross-cancellation could be applied initially, 
after both sub-systems are pre-distorted separately, or after one of the sub-systems has been switched to 
5 pre-distortion cross-cancellation. Those skilled in the art will understand that pre-distortion processing 
for amplifier system 100 may involve a variety of different operational scenarios by controlling the states 
of switches SI and S2 and by individually turning on and off pre-distortion blocks 114 of sub-systems 
104 and 106. It will also be understood that the present invention can be implemented with three or more 
different amplifier sub-systems, with appropriate taps, splitters, and switches to provide any desirable 

10 configurations of pre-distortion cross-cancellation in which each of one or more different sub-systems 
performs pre-distortion based on the combined outputs from two or more different sub-systems. 

Pre-distortion cross-cancellation can provide a level of redundancy to an amplifier system. When 
one amplifier provides pre-distortion for itself and one or more other amplifiers, if that pre-distortion 
should happen to fail, it may be able to be compensated for by pre-distortion provided by one of the other 

1 5 amplifiers. 

Although the present invention has been described in the context of wireless signals transmitted 
from a base station to one or more mobile units of a wireless communication network, the present 
invention is not so limited. In theory, embodiments of the present invention could be implemented for 
wireless signals transmitted from a mobile unit to one or more base stations. The present invention can 
20 also be implemented in the context of other wireless and even wired communication networks to reduce 
spurious emissions. 

Embodiments of the present invention may be implemented as circuit-based processes, including 
possible implementation on a single integrated circuit. As would be apparent to one skilled in the art, 
various functions of circuit elements may also be implemented as processing steps in a software program. 
25 Such software may be employed in, for example, a digital signal processor, micro-controller, or general- 
purpose computer. 

The present invention can be embodied in the form of methods and apparatuses for practicing 
those methods. The present invention can also be embodied in the form of program code embodied in 
tangible media, such as floppy diskettes, CD-ROMs, hard drives, or any other machine-readable storage 
30 medium, wherein, when the program code is loaded into and executed by a machine, such as a computer, 
the machine becomes an apparatus for practicing the invention. The present invention can also be 
embodied in the form of program code, for example, whether stored in a storage medium, loaded into 
and/or executed by a machine, or transmitted over some transmission medium or carrier, such as over 
electrical wiring or cabling, through fiber optics, or via electromagnetic radiation, wherein, when the 
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program code is loaded into and executed by a machine, such as a computer, the machine becomes an 
apparatus for practicing the invention. When implemented on a general-purpose processor, the program 
code segments combine with the processor to provide a unique device that operates analogously to 
specific logic circuits. 

It will be further understood that various changes in the details, materials, and arrangements of 
the parts which have been described and illustrated in order to explain the nature of this invention may be 
made by those skilled in the art without departing from the scope of the invention as expressed in the 
following claims. s 

The use of figure numbers and/or figure reference labels in the claims is intended to identify one 
or more possible embodiments of the claimed subject matter in order to facilitate the interpretation of the 
claims. Such use is not to be construed as necessarily limiting the scope of those claims to the 
embodiments shown in the corresponding figures. 



Andrew 895 



-5- 



1052.025 



